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Abstract
Objectives: Chronic myeloid leukemia (CML) is a clonal myeloproliferative disorder characterized by the presence of
Philadelphia chromosome (Ph) or BCR-ABL1 chimeric gene; which codes for an abnormal tyrosine kinase responsible for
the malignant proliferation of myeloid cells. Imatinib mesylate, a selective inhibitor of this kinase, is the first choice of
therapy in patients with CML. The study aimed to determine the effect of imatinib on the survival of different risk groups
based on the Sokal and Hasford scoring systems.
Methods: Between August 2003 and December 2009, 134 patients [83 males (62%), 51 females (38%)] who came in first
chronic phase (CP1) were recruited. Median age was 36 years (Range, 13 - 75). Patients were followed up with monthly
complete blood counts. Karyotyping and chemistries were done at 6 and 12 months into therapy and then yearly. Overall
survival (OS), progression-free survival (PFS) and frequency of complete cytogenetic remission (CCR) were evaluated.
Survival studies were analyzed using the Kaplan- Meier technique and P-value < 0.05 was considered significant.
Results: OS was 99% and 94%, while PFS was 95% and 83%, at one and two years respectively. Both the Sokal and
Hasford risk groups predicted significantly better PFS for low- and intermediate-risk patients (P = 0.012 and P = 0.0001
respectively). However, neither of the scores was predictive for differences in OS or CCR.
Conclusions: These results suggests that the Sokal and Hasford scoring systems are inadequate in predicting OS and CCR
of CML patients in CP1 managed on imatinib, as compared to their usefulness before the imatinib era.
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Introduction
Chronic myeloid leukemia (CML) is a clonal hematopoietic disorder characterized by the malignant expansion of bone
marrow stem cells. Its cytogenetic hallmark is a reciprocal t (9; 22) (q34; q11) chromosomal translocation that creates a
derivative 9q+ and a small 22q-, known as the Philadelphia chromosome (Ph) [1]. The latter harbors the BCR-ABL1 fusion
gene encoding a chimeric protein with a deregulated tyrosine kinase activity, the expression of which has been shown to be
necessary and sufficient for the transformed phenotype of CML cells [1].
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The disease typically runs a biphasic or triphasic course, but a large majority of patients are detected in the chronic phase.
Treatment of CML has evolved over the past decades from the use of total body irradiation, to the use of cytoreductive
agents (busulphan and hydroxyurea) which can achieve hematologic control. Interferon-alpha (IFN-α), either alone or in
combination with cytarabine, has been associated with both hematologic and cytogenetic response. To date, only
allogeneic stem cell transplantation (SCT) remains curative [2], though its role has waned significantly in recent times due
to the relative safety and effectiveness of the tyrosine kinase inhibitors [3]. Although potentially curative, SCT is associated
with significant morbidity and mortality [4]. Alpha interferon-based regimens adequately control chronic phase disease, but
result in few long term survivors [5].
Recent advances in targeted therapy resulted in the discovery of imatinib mesylate, a selective competitive inhibitor of
BCR-ABL1 protein tyrosine kinase, which has been demonstrated to induce both haematologic and cytogenetic remission
in a significant proportion of CML patients [6]. Comparison with historical controls show improved survival, even in the
later stages of the disease [7, 8] for patients treated with imatinib.
Several prognostic scoring systems have been developed for patients with CML, of which the Sokal and Hasford (Or Euro)
scores are the most popular [9-11]. The Sokal score was generated using chronic phase CML patients treated with busulphan
or hydroxyurea, while the Hasford score was derived and validated, using patients treated with IFN-α. The aim of this
study was to determine the effect of imatinib on the survival pattern of patients with CML, in different Sokal and Hasford
risk groups.

Subjects and methods
This study was registered and approved by our local hospital’s ethics and research committee. All patients gave written
informed consent before recruitment to the study. It included all confirmed cases of Ph/BCR-ABL1-positive CML in first
chronic phase managed with imatinib in our unit between August 2003 and December 2009. Only patients who have been
on imatinib for at least three months were recruited. Parameters including the age, spleen size (Below the costal margin),
percent blast, platelets, eosinophil, basophil and neutrophil counts at presentation, were retrieved from the case notes. The
Sokal and Hasford scores, calculated using previously published formulae

[10, 11]

, was used to classify the patients into

different risk groups. All patients were commenced on imatinib at 400mg/day and monitored for tolerance and side effects
while on therapy. Stepwise dose escalation to a maximum of 800mg/day was considered in case of any of the following:
Failure to achieve a complete hematological response (CHR) by 3 months, a major cytogenetic remission (MCR) at 6
months, and a complete cytogenetic remission (CCR) at 12 months. The patients were monitored with physical
examinations and complete blood counts on day 1 of therapy and monthly thereafter. Cytogenetic response was assessed
using bone marrow karyotype studies done every 6 months until patients achieve a CCR, and repeated annually thereafter.
Patients with features of sub-optimal and failed response, or disease progression were investigated for the presence of
ABL1 kinase domain mutations, some of which have been previously reported [12].
Women of child-bearing age were advised to use barrier contraception, and to inform us as soon as they observed a
prolongation of their menstrual cycle. Imatinib was withdrawn for variable periods in patients who develop neutropenia (<
1000/mm3) or thrombocytopenia (< 75,000/mm3) while on therapy, until the cytopenias were corrected, and they were
re-commenced at lower doses. Hematologic and cytogenetic responses were defined as in recent reports [6, 13-15].
Overall survival (OS) was defined as the interval from the start of imatinib therapy to death from all causes. Disease
progression was defined as the development of any of the following: Loss of cytogenetic response, progression to
accelerated or blastic phase and death from all causes. All other patients were censored on the date of last follow-up. Time
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from diagnosis to achievement of CCR was analyzed according to risk groups. Cox regression analysis was deployed to
examine the impact of the Sokal and Hasford risk groups on the OS and PFS endpoints.

Results
This study recruited 134 patients, with median age of 36 years (Range, 13 - 75) at diagnosis. There were 83 males (62%)
and 51 females (38%). The median time from diagnosis to start of imatinib therapy was 89 days. Median spleen size
(BCM) was 14.0cm; other parameters at diagnosis are shown in Table 1.
Table 1. Characteristics of 134 patients with chronic myeloid leukemia in chronic phase, at diagnosis
Varibles
Median
Age (yrs)
36
Hematocrit (%)
32
WBC count (×109/L)
135
Peripheral blast (%)
3.0
Basophil (%)
3.0
Eosinophil (%)
2.0
Platelet count (×109/L)
220
Spleen size (cm, BCM)
14.0
Liver size (cm, BCM)
7.0
Days from diagnosis to start of imatinib
8.9
Abbreviations: SD= standard deviation; BCM=below costal margin

Range
13-75
14-49
3-664
1-8
1-10
1-11
45-600
3-31
2-14
7-1638

S.D
14.0
6.7
150.0
2.0
2.3
2.6
137.1
6.8
3.3
314.4

All patients received hydroxyurea between diagnosis of CML and the confirmation of a positive Ph status (n = 121) or
BCR-ABL1 fusion gene transcript (n = 13), before commencing imatinib. At diagnosis, 54 (40.3%), 45 (33.6%) and 35
(26.1%) patients were in the Sokal low, intermediate and high risk groups respectively; while 72 (53.7%), 49 (36.6%) and
13 (9.7%) patients were in the Hasford low, intermediate and high risk groups respectively.
At the time of analysis, 119 (88.8%) were alive and on imatinib, 10 having died from disease progression, and three died
after more than six months of being lost to follow-up. One patient died from severe malaria while on a long-distance travel,
and another died from injuries sustained from a road traffic accident. Disease progression was noted in 28 (20.9%)
patients; 14 to accelerated phase (AP), 10 to blastic phase (BP), and four lost cytogenetic response (CR). All were
managed with imatinib dose escalation, with favorable responses in three BP and 10 AP cases, and in all that lost CR. One
patient, who had an E255K mutant clone, did not respond, and was eventually commenced on nilotinib. Two of our
patients were referred to have stem cell transplantation, but it was not done due to lack of suitably matching donors.
Overall survival (OS) for all patients was 99% and 94%, while PFS was 95% and 83% at one and two years, respectively
(Figure 1). The Sokal score was not predictive of differences in the OS of patients but sufficiently differentiates the PFS of
patients in the risk groups (P = 0.042, Figure 2A). The Hasford scoring system performed better as the positive predictive
value is more statistically significant for differences in PFS (P = 0.001, Figure 2B); but it also fails to predict differences in
OS. These PFS differences are even more pronounced if the low and intermediate risk groups are combined and compared
to the high risk group (Sokal, P = 0.012; Hasford, P = 0.0001).
Complete cytogenetic remission (CCR) rates at one and 2 years were 33% and 68% respectively, though the two scoring
systems did not correlate with differences in the CCR rate.
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Figure 1. Overall survival (OS) and progression-free survival (PFS) of 134 CML patients

Figure 2. Progression-free survival (PFS) of all patients, according to the Sokal (Panel A) and Hasford (Panel B) risk
groups
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Discussion
The OS and PFS for these patients , all in CP1, is expectedly better than what was earlier reported from our centre using
imatinib [16], in which we had considered all phases of CML. Also the OS for the different risk categories for both scoring
systems were better than those reported in the original studies by Sokal and Hasford, in spite of the short follow-up
period [10, 11]. This further confirms the advantage of imatinib over previously used chemotherapeutic agents.
The median time from diagnosis to commencement of imatinib was relatively long, at 13 weeks, and it is known that this
can contribute to a worse prognosis and reduce the probability of response [16]. Despite this, the overall survival at one year
was 99% which was impressive in an African population. This however, dropped to 65% at 5 years which is low compared
to 89% reported in previous studies of European and American patients [7, 17]. This may be a reflection of limited number of
patients involved in this study, as only 5 patients are left in the study at that time point. It may also be a reflection of poor
adherence to the daily imatinib regimen in our patients, though we have not been able to objectively assess drug adherence
in our cohort.
The results from this study have also shown that the diagnostic parameters used in the Sokal and Hasford scores may need
to be reviewed, if they are to retain their prognostic relevance in the imatinib era, especially as regards predicting OS and
CCR rates. However, the scores appear to remain useful for predicting disease progression, judging by the significantly
worse PFS of patients in the high risk groups. In this regard, the Hasford score performed better than the Sokal score, and
the patients can readily be segregated into high and non-high risk groups, with better differentiation.
Though few authors have considered the effect of these scoring systems on survival, Larson et al. [18] had also shown that
imatinib plasma levels correlated with CCR, major molecular response (MMR) and event-free survival (EFS) rates in
CML, independent of the Sokal risk score. Other studies have also failed to show the effect of age on response rates and
survival outcomes in the imatinib era. Gugliotta et al. [19] examined the effect of age on OS and PFS in the imatinib era and
reported that response was not affected by age; while Usman et al. [20] were also unable to find an advantage in response
rates for younger patients. This work was considered rather important as age is one of the cardinal variables in these two
scoring systems. On the contrary though, Hughes et al. [21] showed that both the Sokal and Hasford scoring systems are still
important in predicting OS, CCR and molecular response rates. In their study, the Sokal scoring system showed more
discrimination between the risk groups than the Hasford score, but showing very little difference in their CCR rates. In
another study, Aziz et al. [22] reported that low Sokal score (Among other factors) was a significant predictive factor for
event-free survival (EFS); which is similar to what we have observed in this study.
In an attempt to determine other useful diagnostic variables, we examined the impact of disease duration at time of starting
imatinib, but it did not show any survival advantage for those whose duration was < 90 days. This agrees with the outcome
of the study by Usman et al. [20] which found that disease duration at time of starting imatinib failed to show any significant
influence on response to imatinib, though response rates were higher in patients who had low Sokal scores. The authors
concluded that being in the Sokal low risk group predicts for higher response rates.
Other studies have found that the impact of the Sokal risk on the mortality of chronic phase CML patients is related to the
period of therapy [23, 24]. Corm et al. found that since year 2000, the mortality of patients in intermediate-risk and high-risk
groups became similar. In fact, Kantarjian et al. reported that survival by Sokal risk groups was significantly different
before 2001 (P < 0.001), but not since 2001 (P = 0.4) [23].
Simonsson et al. in 2005 further demonstrated that the Sokal risk groups had significantly different overall survival (P <
0.001) and CCR rate (P = 0.002); though the difference is lost following achievement of CCR [25] This might imply that the
baseline prognostic factors may lose their significance after CCR, and may partly explain their limited impact on survival
outcomes. Simonsson’s preliminary results laid the initial groundwork for a school of thought that the long-term prognosis
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of CML patients on imatinib may be more dependent on post-recruitment variables such as time required to achieve CHR
and CCR, and more recently major molecular response [16, 26, 27].
However, several other researchers have been accumulating evidence that seems to support a more important role for gene
expression profiling; and that these genetic profiles are probably more informative approaches to predicting overall
disease duration [28-30].
In 2011, a group of European centres published a new prognostic scoring system (EUTOS) that is reportedly superior to
the Sokal and Euro scores both in its prognostic ability and in its simplicity. The EUTOS score was based on spleen size
and basophil counts at diagnosis, and it had significant discriminatory powers in predicting for CCR at 18 months; a feat
that was impossible using the Sokal and Euro scores [31]. At least two independent groups of researchers have been unable
to replicate its utility in their patient cohorts [32, 33].

Conclusion
Our result suggests that the Sokal and Hasford scoring systems are not as effective in predicting OS and CCR rates for
CML patients on imatinib, as compared to their usefulness with the cytoreductive agents and interferon-α. However with
similar studies showing some usefulness, coupled with their ability to show significant differences in PFS among the risk
groups, they still remain useful in predicting disease progression of CML patients on imatinib; but their applicability may
be subject to other yet unknown local, environmental and genetic variations
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